Using Doppler ultrasound, we prospectively evaluated the relationship between central venous blood¯ow and the development of central venous thrombosis in ten patients with a long term central line. The presence of turbulent blood¯ow around the catheter was followed by the development of central venous thrombosis in two patients but neither had subsequent clinical sequelae. More surprisingly, however, normal blood¯ow was demonstrated in eight patients, two of whom subsequently developed intravascular thrombi.
Introduction
Virchow's triad predicts that the presence of an intravascular foreign body affects normal blood¯ow and predisposes to thrombosis (Mammen, 1992) . With central venous catheters (CVCs) used for total parenteral nutrition, this may present clinically as catheter occlusion or with symptoms and signs suggestive of major vessel thrombosis (Cassidy et al, 1987) . Catheter-related thrombosis is a signi®cant complication of central venous catheterisation and has been radiologically demonstrated to be present in up to 50% of patients with long term central venous catheters (Bozzetti et al, 1983; Valerio et al, 1981) though, only a small proportion of these progress to full clinical manifestations of central venous thrombosis (Mughal and Irving, 1986) .
To study the relationship between blood¯ow characteristics and its possible relationship to the development of intravascular or pericatheter thrombosis we prospectively assessed central venous blood¯ow using Doppler ultrasound in a group of patients requiring long term central venous catheterisation for home parenteral nutrition (HPN).
Patients and methods
Ten patients (6M, 4F), median age, 49 y (range 16±59) were prospectively studied. Underlying patient diagnoses were; Crohn's disease (6), short bowel syndrome (3) and radiation bowel (1). All patients had a cuffed polyurethane catheter (Cuff-cath, Viggo-Spectramed, Swindon, Wilts, UK) inserted in the operating theatre using a local anaesthetic and under direct vision. Sites of cannulation were: subclavian (4), cephalic (3), internal jugular (2) and external jugular vein (1). The management of central venous catheters in this unit has previously been described (Williams et al, 1993) . Duplex venography was performed every two months using a high resolution colour Doppler scanner. Attention was given to venous anatomy, blood ow characteristics, the presence/absence of intravascular thrombus and the location of the catheter tip. The radiologist was aware which vein had been cannulated and therefore pay particular attention to that anatomical area as well as general assessment of the upper body central veins.
Results
Over an 18 month period, 48 examinations were performed in 10 patients (median, 5 per patient) with a median followup of 14 months (range 6±18). In 8 of 10 patients, the initial examination demonstrated normal blood¯ow in the upper body central veins and in two patients the initial assessment found turbulent blood¯ow (Table 1 ). Both patients with turbulent blood¯ow on initial examination had further documented turbulent blood¯ow (at 4 and 6 months respectively), following CVC placement and both were subsequently found to have developed intravascular thrombus. In patient 1, intravascular thrombus was noted at 12 and 16 months following CVC insertion. No further scan has been performed and he is asymptomatic without clinical signs of central venous thrombosis. In patient 2, thrombus was noted around the CVC 8 months following insertion but a subsequent scan at 12 months demonstrated normal blood¯ow and no evidence of thrombus.
Of the 8 patients who had normal blood¯ow initially following CVC placement, two were subsequently found to have intravascular thrombus. Patient 3 was found to have intravascular thrombus at 10 and 12 months following CVC placement but a subsequent scan at 14 months failed to detect any thrombus around the catheter tip. This did not however manifest as catheter occlusion and she was managed expectantly and at 18 months from CVC placement there was no evidence of thrombus and blood¯ow was normal.
Discussion
This is the ®rst prospective study to speci®cally examine upper body venous blood¯ow following placement of a CVC. Doppler ultrasonography was employed to obtain objective data because it can accurately detect the presence of upper body venous thrombus (Knudson et al, 1990) . Burbridge et al (1993) prospectively studied 17 patients before and after CVC placement and found minimal haemodynamic changes within the vein following catheter placement. Hammerli and Meyer (1993) prospectively studied 12 patients before and within 48 h of CVC placement and found no signi®cant change in SCV¯ow characteristics. They then studied ®ve patients with clinically suspected SVC thrombus and found altered SVC¯ow-pro®le in all cases. They concluded that turbulent blood ow predisposed to thrombus formation.
In our study, eight patients had normal blood¯ow around the catheter and in the upper body veins. These ®ndings are consistent with other studies (Burbridge et al; Hammerli and Meyer, 1993) and are somewhat unexpected and surprising given the predictions of Virchow's triad. Of the eight patients with normal blood¯ow initially, two patients were subsequently found to have intravascular thrombus on three occasions. In both patients, follow-up scans demonstrated spontaneous lysis and clearance of thrombi. In two patients, turbulent blood¯ow was noted at the ®rst and second examination following CVC placement and both these patients subsequently developed intravascular thrombus, though neither developed clinical sequelae. Both patients had had previous CVCs and it is possible that the turbulent¯ow was present before placement of the current CVC. Two unique and surprising ®ndings emerge from this study. Firstly, the presence of an intravascular foreign body does not signi®cantly alter blood¯ow characteristics in the upper body veins, even after a prolonged period (a maximum of 18 months in this study). Secondly, turbulent blood alone was not unique in predicting the formation of intravascular thrombus as thrombi developed despite normal blood¯ow in two patients. 
